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N A T I O N A L  ADVISORY COXMITTEE FOR AERONAUTICS 

f o r  t h e  

Army Air Forces,  A i r  Technical Serv ice  Cownand 

COMPARISON O F  PREDTCTEf) AND ACTUAL C O N T R O L - F I X E D  

S T A B I L I T Y  AND CONTROL CIIARACTERISTICS 

OF A DOUGLAS A-2613 AIRPLAME 

By Rarold L. Crane and Sigurd A .  Sjoberg 

SUMMARY 

This r e p o r t  p resents  8 coinparison o f  s3me af the  
f l y i n g  q u a l i t i e s  of the. A-26B a i r p l a n e  predic ted  from 
the  phys ica l  dimensions of  the a i r p l a n e  wi th  the  a c t u a l  
f l y i n g  q u a l i t i e s  us determined by Langley f l i g h t  t e s t s .  

NO es t tmate  of cont ro l  forces, of  e f f e c t s  o f  power 
on s t a b i l i t y ,  o r  of adverse t i i leron yaw nas been mbde. 
There was good agreement between the  measured and pre- 
d i c t e d  s t i ck - f ixed  n e u t r a l  qo in t s ,  s t i c k - f i x e d  maneuver 
p o i n t s ,  e l eva to r  de f l ec t ions  requi red  f o r  t r i m ,  a i l e r o n  
e f f e c t i v e n e s s ,  and rudder-f  ixed .?irectional s t a b i l i t y .  
The r e s u l t s  i n d i c a t e  t h a t  the con t ro l - f ixed ,  power-or'f 
s t a b i l i t y  and cont ro l  c h a r a c t e r i s t i c s  of  a conventionhl 
a i r p l a n e  can be predicted from t h o  dimensions o f  the air- 
Dlane and from genera l  wind-tunnel da%a now a v a i l a b l e  
idith suf f ' i c i tn t  accuracy f o r  design purposes. 

I TU'TRODUCTI ON 

A t  the  reques t  o f  the  Army k f r  Forces,  A i r  Technical 
Service Command, flight t e s t s  have been made t o  determine 
t h e  f l y i n g  q u a l i t i e s  of' a DoQglas ~ - 2 6 B  a i r p l a n e .  
t e s t s  were repor ted  i n  re ferences  1 t o  3 .  I t  has been 
requested by the  A i r  Technical Service Command t h a t  a 
r e p o r t  comparing predic ted  and a c t u a l  f l y i n g  q u a l i t i e s  
be prepared i n  conjunction with f l i g h t  measurements o f  
the f l y i n g  q u a l i t i e s  of an b i rp lane .  
r e p o r t  some of the  f l y i n g  q u a l i t i e s  of t h e  a i rp l ane  a re  

These 

In the present  
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predicted Prom tLe physl  cal. elmensions o f  t h e  airpl t ine 
and compared w i t h  t h e  ac.tiial f l y j n g  y t i & l i t i e s .  Discus- 
s ion  of' e r r o r s  11; ths p red ic t ed  f l y i n g  q u t i l i t i e s  and t h e  
probable  sources  of e r r o r  j .s included. No cont ro l - force  
dz.ta a r e  ]?resented because no s a t i  sfyictory rnfzfkwd. D.?' 
est imatfng the  hinge moKents Is knowii- Xe i the r  t h e  
e f f e c t s  o f  pow2r-on stability nor  the m o u n t  o f  adverse 
ail.eror-1 yaw were F r e d 1  c t e d  because methods c.f calc.ulat . lon 
were not  s u f f i c i e n t l y  wel l  developed, b u t  jt; 5-3 hoped t o  
present  these  czt lculat ions a t  a l a t e r  d a t e .  

TBE AIRPLANE 

The Douglas A - ~ G B  a i rp l ane  i s  a th ree-p lace ,  twin- 
engine, midwing, attack-bombing a i rp lkne  having double- 
s l o t t e d  f l a p s  and a r e t r a c t a b l e  t r i c y c l e - t y p e  landing  
gea r .  All conbrol 3:irfaces Yi'r'Bre sea le2 .  Fi6;ure 1 is a 
three-view drawLng of t h e  airplane Dfmcnsions used i n  
the  ca l cu la t ions  are  l i s t e d  below: 

Weight (assumed f o r  c a l c u l a t i o n s ) ,  lb . e . 29,000 

Wing 
Area (includinG a i l e r o n s  and fuselage), 

Span, ft . . . . . , e . . e , . I( + . e I 7 0  
Aspect r a t i o  . . . . . . - . . , , . . . . . 9.08 
Tager r a t i o  . , . , . I . . . . 0.45 
Mean aerodynamic chord ,  I n .  . I . a . a e . a 97.53 
Location o f  lcading-edge m6an aerodynamic 

chord ( i n .  a f t  o f  l ead ing  edge of' r o o t  

s q r t  . . . .  O D I . C . B ( l  . . C . . O l . O  540 

chord)  a . . . . . . I m . . d o n . C  6 .1  
Airfoil s e c t i o n ,  r o o t  6 5 , 2 2 1 5  a = 0 .8  'b = 1 . 0  

Incidence,  deg, r o o t ,  e . . a . . . . . e . 2 

Dihedral ( t o p  f a c e  of f r o n t  beam), deg . . e . 4.5  

tip 65,2-215 3 = 0 .5  b = 1.0 

t i p ,  . a . . O m - . O .  , a * "  1 

Sweepback of lead ing  edge, dcg , . . . . . .  1.7 
I 

King f l k p s  
Type , , . , . . . . a e a . double s l o t t e d  
F lap  span ( i n c l u d i n g  n a c e l l e  and f u s e l a g e  

(excluding n a c e l l e  and  fuse l age  
c u t - o u t s ) ,  percent  wine; span a . ' 65 

c u t - o u t s ) ,  percent  wing span a . 44 
Area ,  sq f t  , , e (I . . e , . . . . . i5.9 
Clxrd, (.nain f l a p  on ly )  percent  wing chord .. . 25 
Deflect ion (maximun i n  f l i g h t ) ,  deg . e . . e 50 

.c 
I 

V 
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Ailerons 
Type . . . . . . . . . . . . .  sea led  i n t e r n a l  balance 

wing semispan . . . . . . . . . . . . .  65 t o  96.5 
Location, along wing semispan, percent  

Chord ( a f t  of' hinge l i n e ) ,  gercent wing 
chord . . . . . . . . . . . . . . . . . . . . .  21 

Area ( a f t  o f  hinge l i n e ,  t o t a l  o f  two 
ailerons i r x l u d l n g  t abs ) ,  sy  f t  a . e . . . 27.2 

Deflect ion (maximum under no l o a d ) ,  

Balance-tab a r e a  ( t a t a l  3f' t w o ) ,  sq f t  . . . . . .  2.3 

Tab chord, percent  wing chord e . . . a 8.00 

deg . I e . . . . . . . . . . . .  20 up 15 down 

Balance-tab l inkage ratio . . . . . . . . . . .  0.36 
Trimning t a b  a rea  ( l e f t  aileron), sq f t  . . . . .  1.15 

Horizontal  t a i l  
T o t a l  a r ea  ( inc lud ing  sectior,  through 

f u s e l a g e ) ,  sq f t  . . . . . . . . . . . . . . .  116.1 
Span, f t  . . . . . . . . . . . . . . . . . . . .  22.69 
S t a b i l i z e r  ares. inc luding  e l evh to r  

balance a rea  forward of hinge 
l i n e ,  s q f t  83 

Elevator  a rea  ( a f t  of hinge l f n e ) ,  sq f t  . . .  32.6 

Trimming t a b  area,  t o t a l  3q f t  . . . . . . . . . .  2 . 6  

. . . . . . . . . . . . . . . . .  
Balance a r e a ,  forward of hinge l i n e  . . . . . .  10.3 
Incfdence, deg . . . . . . . . . . . . . . . . . . .  0 
Dihedral,  deg . . . . . . . . . . . . . . . . .  10.58 

T a i l  l e n g t h  ( f r o m  e l eva to r  hinge l i n e  
t o  25 percent  mean aerodynamic chord 
of wing) ,  f t  . . . . . . . . . . . . . . . . .  30.05 

Elevator  d e f l e c t i o n  (inaxirnun: iind.er no 
l o a d ) ,  deg . . . . . . . . . . . . . .  29 up 19 down 

V e r t i c a l  t a i l  
To ta l  a r ea  (excluding d o r s a l ) ,  sq f t  . . . . .  71.35 
F in  a r e a  ( inc lud ing  rudder balance a r e a  

forward of hinge l i n e ) ,  sq Pt . e . . a . . e 4.8.23 
Rudder a r e a  ( a f t  of hinge l i n e ) ,  sq f t  . . . . .  . 23 .1  
Height above fuse l age ,  f t  . . . . . . . . . . . .  10 
Rudder d e f l e c t i o n  (maximum under 1 

2 
no l o a d ) ,  deg . . . . . . . . .  15- r i g h t  and left 
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Engines ( 2 ) .  . , . . . . I . W a t t  & Khitney R-2EGO-2SBG 
Rating 

Take-off . . . , 2009 hp - 5.2 i n .  Hg - 2700 rpm 
M i l i t a r y  . . . . . . 1350 hp - 50.5 i n .  Hg - 

2700 rpn - 1500 f t  
1600 hp - 47 .O i n .  Hg - 

2700 YE" - 1.2,ooo f t  
1500 h.p - 11.5 i n .  fig - 

QOO r p m  - 5300 f t  
?!ax, continuous I . . e 

Propel le rs  ( 2 )  
Type a , . . . . . . . (. Hamilton Standard 
Diameter, f t  (I . . . . I , 0 . , . . 0 . 12.5 
Number of blades . . . , , ? . . . . . . . . P O  3 
Gehr r a t i o  . . . . I O  3 n e . ,  . . . . . 2:l 

Service center-of -g rav i ty  range ?ercent  
m e x i  aerodgnar,ic chord ,. , .. r) . . . . 18 t o  32 

Vvheels - smoqth c2n';our 
l'llain whte ls .  i n ,  . e a . . diameter 47 - width 1'7 
Nose wheel, i n ,  . . . . . I dikmeter 36 - width 13 

sm 30 f, s 
. 

;nT a i r y l a n c  weight;, rnunds 

s 

b wing span, feet; 

wing a r e a ,  i nc lue ing  sec t ion  through fuse l age  
and t h e  a i l e r o n s ,  square f e e t  

&ngle of a t t a c k  of t k c u s t  a x i s ,  degrees 

CL a i r p l a n e  l i f t  coeff!. c i  e n t  , niJv/qQ 

n nornkl accelercit ion,  gravitational u n i t s  

9 

dCL/da 

f ree-s t ream dynamic Yressurep pou.nds per  square 

v a r i a t i o n  of l i f t  c 3 e f f i c i e n t  w i t h  clngle of 

pitching-moyent c o e f f i c i e n t  d? a i r p l a n e ,  

f o o t  

a t t a c k  

- N I  
cm 

c, - - 
qsc 
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I t  

k 

dc:/da 

zP 

D 

6 

( - ) p  

a i r p l a n e  pitching mQment, foot-pounds 

mean aerodp*am-ic chord o f  wi.ng, f e e t  

v a r i a t i o n  of 3itching-nzoment c o e f f i c i e n t  w i t h  
i i f  t co ef f i c i  ent 

dynm-ic pressure  a t  t a i l ,  pounds per square 
f o o t  

d i s t ance  p a r a l l e l  t o  tk\y’u3t axis f r D m  a i r p l a n e  
center  of g a v i t g  t o  e l eva to r  hinge l i n e ,  
f e e t  

f a c t o r  f o r  ca r r ec t ion  of p r o p e l l e r  downwash 
f o r  e f f e c t s  of wing aria fuse l age  

var ia t i tTn of downwash a n g l s  a t  t a i l  w i t h  angle  
of a t t a c k  

d i s t a n c e  f r o 3  center of g r a v i t y  t o  p rope l l e r  
plane measwed parallel t o  tkirust a x i s ,  
f e e t  

p rope l l e r  diameter,  f e e t  

cont ro l - sur f  ace d e f l e c t i o n  measured from 
n e u t r a l  pos i t i on ,  degrees 

mass dens t ty  of a i r ,  s l u g s  per  cubic  f o o t  

e l eva to r  e f f ec t iveness  f ac to r ,  dUt/dbe 

c o e f f i c i e n t  of‘ f o rce  normal t o  t h r u s t  axis 

r a t e  o f  change o f  normal-force c o e f f i c i e n t  of 
propel le r  w i t h  angle o f  a t t a c k  

r a t e  o f  changa of upwash a t  p r o p e l l e r  plane 
with angle o f  a t t a c k  

pro jec ted  s ide  area o f  n a c e l l e ,  square f e e t  

l eng th  o f  nace l l e ,  f e e t  

brake horsepower 
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rl p r o p e l l e r  e f f i c i e n c y  

a 
t h r u s t  l i n e ,  f e e t  

spanwise 6 i s t a n c e  f':ion a i r p l a n e  center  l i n e  t o  

v t r u e  a i r speed ,  f e e t  per second 

P r o l l i n g  v e l o c i t y ,  r ad ians  per second 

v a r i a t i o n  of roll ing-monent c o e f f i c i e n t  w i t h  
t i l e r o n  d e f l e c t i o n  c h 3  

v a r i a t i o n  of rolling-xoment coe f f i  c i e n t  wi th  

K a i ler ,on eff e c t iven2ss  factor da,/dba 

PW2V 

C% pb/2V 

kielix. anz le  descr ibed  by T.ving t i p ,  r ad ians  

Cn 
- N  yawing-nor?.ent c o e f f i c i e n t  o f  a i r p l a n e  Cn - - 

q 3b 
P angle  of  s i d e s l i p ,  degrees 

r a t e  of  chanse of s i d e  f o r c e  c o e f f i c i e n t  of 

r a t e  o f  change o f  narmal-forcs c o e f f i c i e n t  of 

p r o p e l l e r  wlth ang;le of  yaw 

v e r t i c a l  t a i l .  w i t h  tingle o f  s i d e s l i p  

Sub s c r i  p t s 

w wing 

t t a i l  

f f 'u s e I s g  e 

n n a c e l l e  

P propeller 

e e leva to r  

a a i l e r o n  

r rudde r  

T th rus t  axis  

C '  

I . '  

c 
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METHOD OF ANALYSIS, RESUZTS, AND 

COMPARTSON W I T H  FLIGIIT DATA 

I .  1,ongitudinal S t a b i l i t y  and Control 

A .  St i ck - f ixed  n e u t r a l  po in t  

The n e u t r a l  stabi1it:r po in t  of the  a i r p l a n e  
wag determined f o r  t he  g l i d i n g  condi t ion  (engines  i i i l i ng ,  
f l a p s  up, and landing gear  r e t r a c t e d )  a t  h igh  speeds.  
The f i rs t  s t e p  was t o  de te rn ine  t h e  value of  d h / d C L ,  
the ra te  of change of pltching-moment c o e f f i c i e n t  w i t h  
l i f t  c o e f f i c f e n t ,  a t  tw:, center-of -g rav i ty  nos i t i ons  f o r  
the var ious  a l r p l a n e  components. 

A d i scuss ion  of' t he  methods used i n  determining 
the  e f f e c t s  of t h e  various conlqonents fol lows:  

1. 'diing aerodynamic center  

The wing aerodynamic center  was assumed to be 
a t  25 percent  mean aerodynamic chord. Wind-tunnel 
t e s t s  o f  & 65,3-118, a = 1.0 a i r f o i l  r epor t ed  i n  
re ference  4 showed the  aerodynamic center  o f  this 
s i m i l a r  airfoil t o  be a t  25 pel-cent mesn aerodynamic 
chord. 

2 ,  Fuselage an& nace l le  e f f e c t  

The r a t e  of  change of pitching-moment coeffi- 
c i e n t  C, w i t h  lift; c o e f f i c i e n t  CL f o r  fuselage 
and n a c e l l e s  was deternined by the  method ou t l ined  
i n  r e fe rence  5 .  

3 .  H o r i z o n t a l - t a i l  e f f e c t  

The rearward s h i f t  in neu t ra l  po in t  due t o  the  
ho r i zon ta l  tail. was ca lcu la ted  from t h e  formula: 
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A value o f  
The s lope  of t h e  l i f t  curve of t h e  t a i l  (%)t was 

obtained f r o m  r e fe rence  6 and was found t 3  be 0.066 
per  degree.  From un3ublished low-drag a i r f o i l  data  

- - - 0 . 9  
Y 

was used i n  t h e  c a l c u l a t i o n s .  

a value of  wing l i f t - c u r v e  s l o p e  (%)w = 0.0368 

was obtained for use i n  the  c a l c u l a t i o n s .  
o f  ~ E / C U  of 0 . 4 1  was oStaineii  from re fe rence  6 .  

H value 

4. Prope l l e r  normal-force e f f e c t  

The p r o p e l l e r  normal-force e f f z c t  was obtained 
from t h e  formula g>iven i n  r e fe rence  5: 

k value of t h e  upwash f a c t o r  + (2)j = 1.25 

was obtained from f i g u r e  8 ,  r e fe rence  7, and a value 
o f  the v a r i a t i o n  of ?repeller normal-force c o e f f i c i e n t  
vith angle  of a t t a c k  .'Iz = 0.12 f r o m  f i g u r a  6, d C N  

d a  
re ference  8 .  

5 'Propel ler  downwash e f f e c t  
h C m \  ( z q  The e f f e c t  of p r o p e l l e r  downwash on 

was c,alculated. by t h e  f o r m u i a  gtven in r e fe rence  5: 

(2) = 
P E 

'i'hls formula was der ived from cQnsiderat i .on of t h e  
mass f low through t h e  propeller &rid the  chenpe  I n  

r 



i t s  momentum perpendicular t o  t h e  r e l a t i v e  wind 
produced by the  p rope l l e r .  The f a c t o r  k from r e f e r -  
ence 5 ,  which i s  equal  t o  approxfniately 0.5 was 
included t o  take  i n t o  account t he  e f f e c t s  o f  t h e  
vJing, f u s e l a g e ,  and Dther f a c t 3 r s  o n  the prope l l e r  
downw~sh. The e f f e c t  of a l a r g e  e r r o r  i n  t h i s  
f a c t o r  on the  ca lcu la ted  n e u t r a l  po in t  would amount 
t o  a f r a c t i o n  o f  a percent mean aerodynamic chord. 

6.  Summation o f  components 

7igure 2 shows the v a r i a t i o n  o f  d C m / d C i  w i t h  
cen ter -of -gravi ty  pos i t i on  f o r  the  var ious  components 
considered and from d i r e c t  summation o f  the  components 
f o r  the  a i rp l ane  as  a whole. The ca lcu la t ed  s t i c k -  
f i x e d  n e u t r a l  po in t  i s  a t  I c o , ~  nercent  rneaii aero- 
dynamic chord, t h e  center-of-gravi ty  p o s i t i o n  a t  
which the v d u e  o f  d&/dCL ( t o t a l )  i s  zero.  The 
ca l cu la t ed  n e u t r a l  point  is i n  good agreement with 
the  f l i g h t  value of 39.3 percent mean aerodynamic 
chord f o r  normal-force c o e f f i c l e n t s  between 0.3 
an6 1.2.  

I n  the  flaps-down condi t ion w i t h  engines idling 
a t  t h e  higher end of the 3peeZ range (CL = 0.8 
t o  1.2), vvhere i t  could be assuned that qt/q 
was 0.9 and the  da ta  of f i g u r e  5 9  r e fe rence  4 , i n d i -  
cated t h a t  t he re  was no s h i f t  o f  t h e  aerodynamic 
center  of t h e  wing due t o  f l a n  d e f l e c t i o n ,  t he  ca l -  
cu la ted  n e u t r a l  po in t  was 40.4 percent  mean aero-  
dynamic cho1.d a s  i t  was i n  t he  g l i d i n g  condi t ion 
and the  f l i g h t  value var ied from 40 t o  4.1 percent  
mean aerodynamic chord. 

B. Elevator  t r i m  curves 

1. Gliding condi t ion (engines  i r? l ing ,  flaps 
up, landing gsar up) 

The v a r i a t i o n  o f  el.svator d e f l e c t i o n  requi red  
f o r  t r i m  wi th  ind ica t ed  a i r speed  was ca l cu la t ed  f o r  
center -of -gravi ty  pos i t i ons  of 25 and 32 percent  o f  
the  mean aerodynmic  chord. The r e s u l t a n t  p i t ch ing  
moment o f  the a i r p l a n e  &bout t he  s p e c i f i e d  center -  
o f -g rav i ty  positions was detennmed a t  CL = 0. A 
value of of -0.03 f o r  t he  wing was obtained 

cmO 
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from f i g u r e  5 , r e fe rence  4. 
p i t ch ing  moment due t o  fu se l age ,  t a i l ,  and i d l i n g  
p rope l l e r s  were obtained using t h e  expression: 

The increments of 

= (5) @.)Lrf a 
dCL f , t , p  

Cmf , t ,P  

Values o f  d % / d C ~  were obta ined  f r o m  f i g u r e  2 .  
Using an est imated angle of zero win l ift of  -2' 
and assuving the  r o o t  incidence of 8 t o  be constant  
along t h e  span gave an angle of a t t a c k  of -11.' f o r  
f 'uselage tail and p r o p e l l e r s  
t i o n  r equ i r ed  a t  CL = 0 was determined from t he  
expr e s s i  o n  0 

The e l eva to r  def l e c -  

D i f f e r e n t i a t i o n  o f  t h i s  expression w i t h  r e spec t  
t o  % yie lded  d6e/dCm and mult iFlying d6e/dC, 
by d h / d C L  gave d6e/dCL9 t h e  s l o p e  of the  e l e -  
vator  trim curve.  Figure 3 shows t h e  f l i g h t  and 
ca lcu la ted  v a r i a t i o n  o f  e l e v a t o r  angle w i t h  l i f t  
c o e f f i c i e n t  f o r  center-of -g rav i ty  p o s i t i o n s  o f  23 
and 32 percent  mean aerodynamic chord. 

For f u r t h e r  commrison w i t h  f l i g h t  da t a  the  
v a r i a t i o n  o f  e l eva to r  angle  r equ i r ed  for t r i m  w i t h  
speed was ca l cu la t ed  assurnrng an a i r p l a n e  weight 
o f  29,000 Dounds . This weight was t h e  approximate 
weight of t he  a i r g l a n e  during the f l i g h t  t e s t s .  
Figure 4 Shows a comparison o f  t he  ca l cu la t ed  and 
f l i g h t  values .  Good agreement was o b t a n e d  through- 
o u t  t h e  speed range. 

2 ,  Landing condi t ion (engines  i d l i n g ,  f l a p s  

An increment of l j . f t  c o e f f i c i e n t  A C L  of  0 .95 

down, landing gear down) 

due t o  50" f l a p  db f l ec t ion  was used i n  the cslcu-  
l a t i o n  of flap-down e l e v a t o r  t r i m  curves .  
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This increment was cul.culated by apply in  t h e  e l e -  
va to r  e f f e c t i v s n e s s  f a c t o r  of r e fe rence  , f i g u r e  3 )  
t o  es t imate  the  change i n  angle of a t t a c k  of  t h e  
flaDped por t ion  o f  the wing excluding any fuse l age  
o r  n a c e l l e  a rea .  Tne  assmpt iDu t h a t  t h e  e f f e c t  of 
t h e  f l a p s  d i d  n o t  car ry  ac ross  fuse l age  o r  n a c e i i e s  
tends t o  account f o r  t h e  l o s s  i n  f l a p  e f f e c t i v e n e s s  
due t o  t he  gaps about -4 inches wide between the  
f laDs and n s c e l l s s  an2 between t h e  f l a p s  and the  
fuse l age .  The expression used t o  c a l c u l a t e  t h e  
increment of' l i f t  coe f f i c i en t  due t 3  f l a p  d .ef lect ion 
was: 

The f l a p e d  a rea  of  the  w5ng a s  ctsfincd above was 
260 square f e e t  and t h e  va luc  of T was 0.46. The 
d a t a  of f-lgure 3 ,  re ferance  4, obtained from two- 
dimensional t e s t s  of' B dquble-s lo t ted  f l a p  i n s t a l -  
l a t i o n  s i m i l a r  t o  tha t  o n  t he  ~ - 2 6 B ,  showed a l i n e a r  
v a r i a t i o n  of e f f e c t i v e  angle o f  a t t a c k  wi th  f l a p  
d e f l e c t i o n  up t o  45' beyond which angle t h e  f l a p  
e f f ec t iveness  gradual ly  decreased,  H value of T 
Geteminad f r o m  f i g u r e  3, re ference  ,!+,was of nea r ly  
t h e  same magnitude a s  the value obtained from f i g -  
u re  3 ,  re ference  6, used i n  the  c a l c u l a t i o n s .  
Ykind-+un~el  t e s t s  of' a model- o f  t he  A-24 a i r p l a n e  
gav6 ths szae i n c r e m n t  of tr i :zied l i f t  c o e f f i c i e n t  
as the above ca lcu la t ions .  F f s i r e  5 shows the  
v a r i a t i o n  o f  l i f t  c o e f f i c i e n t  w i th  angle of a t t a c k  
iv-ith f l a p s  up and flaps down. 

The dkta of f i g u r e  59 r e fe rence  h, showed t h a t  
tha  wing aerodynamic center Cid not  shif t  w i t h  f l a p  
d e f l e c t i o n  over 6 considerbble por t ion  of  t h e  l ift- 
c o e f f i c i e n t  range. The Ditching moment due t o  
d e f l e c t i n g  the  f l a p s  f u l l y  was determined by two 
d i f f e r e n t  methods. tin increment of  p i t  chin@;-mol;lent 
c o e f f i c i e n t  of  -0.338 was obts fned  by using t h e  
s e c t i o n  pitching-moment Cata of f i g u r e  5. r e f e rence  4, 
and the  method of reference 9 f o r  determining the  
pitching-moment coe f f i c i en t  of' a wing with a p a r t i a l -  
span f l a p .  
t h e  f l a n s  via3 a l s o  obtained by assuming the  increment 

The p i t c h i n $  moment due t o  d e f l e c t i n g  
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of l l f t  c?s f f fc ;en t ,  
cent of the  mean aerQc3ynaTi.c chord. T h e  p i tch ing-  
rcoment increRent was tken equal  t o  - 0 . i ' j C C ~  
o r  -0  238 

CCL = 0 . 9 5 ,  t o  a c t  a t  50 per -  

The e f f e c t  of t h e  lDwered landing gear  was no t  
included i n  t h e  c2 lcu l s t ed  valges of e l eva to r  def l ec -  
t i o n  f o r  t r i m .  FoJvever, i t  was ~ s t i m a t e d  from t he  
data of fq-gvres 1-9 an?. 2 0 ,  r e fe rence  11, t h a t  approxi -  
mately l3 u-p-elevatJr d e f l e c t i o n  would be r equ i r ed  
t o  cour,teract +,he Ditching magent due t o  t he  landing 
gear.  This va l ix  wou ld  vary somewhat wi th  speed. 
J t  was found froni f l i g h t  d a t a  a t  lf5 miles  per  hour 
that  lrl0 mora UT elt.vat3,r d e f l e c t i o n  was r equ i r ed  
f o r  t r i m  when the  1siic:ing gear  w L s  lov;er3d. 

The d leva tor  t r t m  curves f o r  the  flap-down 
condi t ion vere  cb lcu la ted  by  t h e  s&ne method used 
f o r  t h e  f l a p - u p  conditi.3n:. The downwash a t  the t a i l  
a i t h  the  f ' 1a .D~  d e f l s c t e d  was obtained f rom f i g u r e  5,  
r e f a r s n c e  ].O,,, itigurz 6 ?i-esznts t he  v a r i a t i o n  o f  
e leva tor  d e f l e c t i o n  for trim w i t h  l i f t  c o e f f i c i e n t  
f o r  cen ter -of -grhvi ty  p o s i t i o n s  o f  21 2nd 30 percent  
mean aerodynani c chord obta ined  from f l i g h t  and 
from the ca l cu la t ions  u s i n g  twq values o f  p i tch ing-  
moment increrrient eue t o  f l a p  d e f l e c t i o n .  ? i g n e s  7 
and 8 present  a cornpirison o f  f l i g h t  and ct i lculated 
curves of e l eva to r  def l e c t f o n  wi.th f l a p s  d e f l e c t e d  
aga ins t  a i r speed .  The carves  ca l cu la t ed  from 3ec- 
ti02 f l a p  ?itcning-inoment da t a  were off  s e t  somewhat 
from t h e  f l i g h t  d a t a ,  . Recalcu la t ing  the p i t c h i n g  
momt?nt due t o  t h e  flaps by t h e  sscoad, approximate 
method el iminated m Q s t  o f  the o f f s e t .  A t  speeds 
abave which t h e r e  was no i ' lox  brehkdown over t h e  
wing i n  f l i g h t  t h e  ca l cu la t ed  and f l i g h t  curves 
have npproximately the  saqe s lope .  Kowvever, a t  low 
speeds t h e  wing r o a t  s t a l l e d  reciucing the  downwash 
a t  the t a i l  and increEsing t h e  e l eva to r  d e f l e c t i o n  
requi red  i n  f l i g h t  more r a p i d l y  than the  cLlculated 
v a l u e  rlncreased. 

C .  T n i l  angle o f  a t t a c k  

To de te rn ine  whether t h e r e  v~as any p o s s i b i l i t y  
of t a i l  stalling, t he  maxinun angle of a t t a c k  Df t h e  
ho r i zon ta l  t a i l  was cu lcu ln ted .  The c r i t l c a l  condi t ion 
vas  shown by c a l - c u l a t i ~ n s  t o  be wi th  t h e  f l a p s  down a t  

c 
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t he  maxiniim permissib1.e speed, 160 miles Ter hqur.  K i th  
th.e f l a p s  up ,  the angle of a t t a c k  .3j? t he  tkirust a x i s  and 
sf t he  ho r i zon ta l  t a i l  a t  zero l i f t  wou1.d be agproxi- 
rnately -4" as shown rin f i g u r e  5 .  
f u l l y  without changing the angle o f  a t t a c k  would make 
the  l if t  c o e f f i c i e n t  equal  3.9j. T h e  increment o f  down- 
wask~ &t the  t a F l  due t o  f u l l  d e f l e c t i o n  of  t he  f l a p s  was 
est imated f r o m  f i g u r e  5 ,  re fe rence  l C , t o  be -5.1'. The 
r e s u l t a n t  angle  o f  s t t a c k  of t h e  t a i l  a t  
f l a p s  down would, be -9.1". The change En t r u e  engle o f  
a t t a c k  of t he  t a i l  going f rom CL = 0.95 t o  CL = 0.81, 
which corres9onds t o  160 m i l e s  per  nour, was approxi- 
mately -lo r e s u l t i n g  i n  s n  angle o f  a t t a c k  o f  t h e  t a i l  
o f  approximately -10' no t  icc luding  tb.e e f f e c t  o f  y r o -  
p e l l e r s  
s l i g h t l y ,  bu t  with power on i t  would be increased .  No 
es t imate  was made o f  the  increase  i n  c?ownwLsh angle due 
t o  a p p l i c a t i o n  of  goivcr. I n  f l i g h t  t e s t s  t h e r e  was no 
i n d i c a t i o n  o f  t a i l  s t a l l i n g .  

Lowering the f l a p s  

CL = 0.95 wi th  

I d l i n g  p rope l l e r s  would reduce t k i s  angle  very 

I?. Elevator  d e f l e c t i o n  required f o r  landing 

The e l eva to r  d e f l e c t i o n s  requi red  t o  hold the  
a i r p l a n e  i n  the  landing h t t i t u d e  near the  ground have 
been ca l cu la t ed  by  the method of r e fe rence  9 e The 
landing  a t t i t u d e  tingle measured wi th  r e spec t  t o  t he  
t h r u s t  a x i s  was considered t o  be 8" which would corre-  
spond t o  an angle of h t t ack  o f  eo a t  z e r o  r a t e  o f  descent 
and ( f r o m  f i g .  5 )  t o  a l i f t  c o e f f i c i e n t  o f  2.9.  Figure 9 
shows a comparison o f  f l i g h t  and ca lcu la ted  va lues  of  
the  v a r i a t i o n  of e leva to r  angle requi red  t o  land  wi th  
center -of -gravi ty  q o s i t i o n .  decause o f  the r o o t  s t a l l  
on the  wing and the  r e s u l t i n g  decrease in downwash over 
the  t a i l  i t  had been expected t h a t  t he  ca lcu la ted  def lec-  
t i o n s  would be l e s s  than those f r o m  f l i g h t  d a t a .  
t h e  only two f l i g h t  p o i n t s  Which l i e  above the ca l cu la t ed  
curve w.2re from 1andi.ngs during which a d d i t i o n a l  e l eva to r  
con t ro l  was used. fqr r a p i d  f l a r i n g .  

However, 

The minimum speed  t o  r a i s e  the nose wheel f o r  
take-off  was determined by a summstion af moments about 
t he  main wheels incluGing the i n e r t i a  f o r c e s  a c t i n g  on 
the  a i r p l a n e .  The rnoments d u e  t o  the weight 3f t h e  a i r -  
plune, t h e  ta i l .  l i f t  with f u l l y  Zeflected tjlevtitors, the  
r e s u l t h n t  f o r c e  s long  t h e  t h r u s t  axis, and the  wing l i f t  
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were consldered. I t  W ~ S  assumed t h a t  t he  r e s u l t a n t  drag 
f o r c e  ac ted  through the center  of  g r a v i t y .  A t i r e  f r i c -  
t i o n  coe f f i c i en t  o f  0.54 was used. A process  af succes- 
s i v e  aDproximatlons was r equ i r ed  i n  the  c a l c u l a t i o n s .  

q t  I t  WES determined from m o m e n t u m  c a l c u l a t i o n s  t h a t  - 2 
q 

a t  t h e  m i r i i m u m  speed f o r  r a i s i n g  t h e  nose wheel. Fig- 
ure  10 i s  a p l o t  of ca l cu la t ed  values  and. those es t imated  
by t he  p i l o t  aga ins t  cen ter -gf -gravi ty  p o s i t i o n .  Tne 
ca lcu la ted  r e s u l t s  a r e  somewhat canserva t ive .  

F.  Maneuvering s t a S i l i t y  and con t ro l  

B t i  ck-f ixecl n e u t r a l  p o i n t s  f o r  t u rn ing  f l i g h t  
o r  s t i c k - f i x e d  maneuver p o i n t s  were ca l cu la t ed  f o r  con- 
s t a n t  s ~ e e 6  t u rns  a t  235 mil5s per  hour a t  sea l e v e l  and 
a t  10,000 f e e t  a l t i t u d e .  The increment of e l e v a t o r  
d e f l e c t t o n  due t o  t u rn ing  was ca l cu la t ed  from the formula: 

w h r e  A C L  I s  i nc rease  I n  l i f t  c o e f f i c i e n t  f rom straight 
f l i g h t  a t  t h e  fiesired speed. The increment o f  e l eva to r  
angle  d m  t o  turnin,l; was addsd  t o  t h e  e l e v a t o r  angle  
required f o r  t r i m  i n  s teady  f l i g h t  ( f i g .  3 )  a t  t he  same 
l i f t  coe f f i c i en t .  If the  t a i l  l e n g t h  i s  asswned constant  
f o r  all center-of -g rav i ty  l o c a t i o n s  ( t h e  al lowable center -  
o f -g rav i ty  movement i s  small  compared t o  the  t a i l  l e n g t h ) ,  
the  increment o f  e l eva to r  ang;!c due t c  t u rn ing  i s  a con- 
s t a n t  i'or a l l  center-of - g r a v i t y  l o c a t i o n s .  F igures  11 
and 12  show t he  v a r i a t i o n  of e l e v a t o r  angle with l l f t  
c o e f f i c i e n t  i n  constant-speed t u r n s  E t t  235 m i l e s  per  hour 
a t  0 and 10,000 f e e t  a l t i t u d e  and cen te r -o f -g rav i ty  ].oca- 
t i o n s  of Zf and 32 Dercent mean aerodynamic chord. The 
s t i c k - f l x e d  n e u t r a l  p o i n t s  i n  tu rn ing  f l i g h t  were d e t e r -  
mined a t  2g at, 235 m i l e s  per h o w  a t  sea  l e v e l  and at 
10,OCO f e e t  by measuring the  sloDes o f  t h e  C U T V ~ S  o f  f i g -  
u re s  11 and 12 and p l o t t i n g  t h e  values  of  
aga ins t  center-of -g rav i ty  l o c a t i o n .  2'igure 13 shows 
these  p l o t s .  F l i g h t  d a t a  showec? t h e  s t i c k - f i x e d  n e u t r a l  
po in t  i n  s. 2g 
hour and approximately 10,000 f e e t  a l t i t u d e  t o  be a t  
k3.3 yerccnt  rzean aeroc!ynamic chord.  The ca lcu la t ed  

dbe/dCL 

t u r n  w i t h  r a t e d  power h t  235 n i l e s  per 
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value of  n e u t r a l  p o t n t  f o r  the same cor?dition i s  45.6 per-  
cent mean aerodynamic cnore. i t  i s  p e m i s s i b l e  t o  com- 
pare  the  n e u t r a l  po in t  muasured i n  t u r n i n g  f l i g h t  using 
r a t e d  power with the  calcli iated value fo -  t u r n s  i n  t h e  
g l i d i n g  condi t ion  because the  tkrust c o e f f i c i e n t  was 
small  a t  t h e  node ra t e ly  h igh  speed under cons idera t ion  
and 6oes not  vary with acce le ra t ion .  The e f f e c t  of power 
on 1ongi tLdinal  s t a b i l i t y  shoul2 be small i n  t u r n s  a t  
235 mi les  per hour bu t  some g f  t he  discrepancy between 
tho ca l cu la t ed  and f l i g h t  n e u t r a l  m i n t s  can be charged 
t o  t h e  d e s t a b i l i z i n g  e f f e c t s  o f  pQwer. 

I1 a Direc t iona l  S t a b i l i t y  and Control 

A.  D i r ec t iona l  s tab i l i ty - ,  rudder f i x e d  

The d i r e c t i o n a l  s t a b i l i t y  o f  t h e  a i r p l a n e  wi th  

dCn/dB, 
engines i d l i n g  was ca lcu la ted  by summing up the  v a r i a t i o n  
of yawing-moment c o e f f i c i e n t  with angle  of yaw, 
f o r  t h e  var ious components of t h e  t i irplane.  For a l l  
d i r e c t i o n a l - s t a b i l i t y  ca l cu la t ions  1.t was assumed that 
was equal  t o  0.9s and n9 account has been taken o f  s ide -  
wash. The assumptlon t h a t  sidlewash could be neglected 
which s h p l i f i e d  t h e  c a l c u l a t i o n s i s  be l ieved  t o  be 
j u s t i f i e d  because t h e  v e r t i c a l  t a i l  i s  r e l a t i v e l y  f a r  
removed fran the inf luence of t h e  wing and fuse l age  and 
i s  not  i n  t h e  p r o g e l l e r  s l ips t ream.  

qt 

1. Contribution of v e r t i c a l  t a i l  

The contr>ibution of t h e  v e r t i c a l  t a i l  t o  
d i r e c t i o n a l  s t a b i l i t y  was c a l c u l a t e d  f rom tho fol- 
lowing formula: 

X 

= -0.00222 

The valxe of the slope af t h e  lift curve of t h e  
v e r t i c a l  t a i l  Lsed  was 0,045 per  degree obtained 
f r o m  f i g u r e  3 ,  reference 12, As recommended in 
r e fe rence  I 2  t t e  a f f e c t i v e  aspec t  r a t i o  o f  t he  
v e r t i c a l  t a i l  was assunod t o  be 1 . 5  t imes t h e  
a c t u s 1  aspect  ra t13 t o  take i n t o  account the end- 
p l a t e  e f f e c t  of the hor i zon ta l  t a i l .  



2 .  Effec t  o f  i d l i n g  F r o p e l l e r s  

The e f f e c t  of i d l i n g  p r o g e l l e r s  was obtained. 
from t h e  expression: 

= 0.000072 per  p r o p e l l e r  per  
degree ~. 

Esrom f i g u r e  6 ,  r e f e rence  C ,  rG)p = 0.12 

3 .  Nacelle e f f e c t  

An empir ica l  formula which had been developed 
by Langley f l i g h t  d i v i s i o n  personnel was used to 
estLmate the  n a c e l l e  e f f e c t .  

2 (2)n = 0.0158 -- Srl 
z ,Sb 

= 0.00019 ?er  n a c e l l e  p e r  degree 

L. 
The con t r ibu t lons  t o  the d i r e c t i o n a l  s t a b i l i t y  

VJing, f u s e l a g e ,  ur,d i n t e r f e r e n c e  e f f e c t s  

of t h e  wine;, f u s e l a g e ,  and wing-fuselsge i n t e r f e r -  
ence were est imated u s i n g  & t a  presented  i n  r e f e r -  
ence 1 3  f3r the  rodel w i t h  t apered  midwing having 
4.75‘ sweepbacl.:. 

(5) = -0,00015 

= 0.0003 

(2) = -1).0001 
T 

, 

c 



4, Effec t  of' e o r s a l  

The yaxin;:-c;orr,ent c o e f f i c i e n t s  due t o  the 
clorsilil f i n  a t  vaitious s i d e s l i p  ankles  vcere obtained 
f r o n  re ference  14 using t he  da t a  o f  f i g u r e  5 f w  a 
type 2 b r s a l ,  xnich had the  same r e l a t i v e  s i z e  as 
t h e  d o r s a l  f i n  used on the  A-26 a i r p l a n e .  

P Cn 

-5 -0.0006 

-10 -0.0017 

-15 -0 .0033 

Figure 14 shows the ca l cu la t ed  v' d r i a t i o n  o f  
yawing-moment coe f f i c i en t  of the  a i r p l a n e  x i t h  
rwdder f i x e d  and engines i d l i n g  a 

A .  Rudder c7,efle::tian f o r  t r i m  

F r o 3  the  da ta  o f  f i g u r e  l ! ~  anc! the  formula: 

t he  v a r i a t i o n  of' rudder d e f l e c t i o n  with angle o f  s i d e s l i p  w a g  
ca l cx la t ed .  /The value.  of  the rud+er  e r f e c t i ~ e n e s ~ . . f a c t o r  T 
was round t o  be 0 . 6  fron: f i g u r e  4, ra ' e renco  12. Fig- 
lire 1 5  presents a comparison of f l i g h t  and ca l cu la t ed  
values  o f  the  v a r i a t i o n  o f  rudder  a e f l e c t i o n  w i t h  angle  
o f  s i d e s l i p  f o r  the  clean conc7ition w l t h  eiigines i d l i n g .  
The agreement between flight slnd c s l c i l a t e d  values  i s  
b e s t  a t  low angles  of s i d e s l i p .  T h o  d j f f e rence  between 
t h e  s lopes  of' t he  ca lcu la ted  and t e s t  curves a t  t h e  l a r g e r  
s i d e s l i p  angles  nay be cue tG ui1dcrest:mstion i n  the  
c a l c u l a t i o n s  of t he  e f f e c t  o f  t h e  d o r s a l  f i n  a t  l a r g e  
s i d e s l i p  aagles. 

C .  A s y r i e t r i c  power c o n d i t i m  

1. Rudder d e f l e c t i o n  f o r  trim a t  0' s i d e s l i p  

Calculat ions were made t o  determine the  d i r e c -  
t i o n a l  s t a b - l l i t y  and cont ro l  c h a r a c t e r i s t i c s  w i th  
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the l e f t  p rope l l e r  i n ~ p e r a t i v e  and the  right engine 
de l ive r in2  normil-rated power Figure 1 6  shoWs 
tke ca l cu la t ed  values o f  the v a r i h t i 2 n  with i E d i -  
catell a i r speed  o f  rudder d e f l e c t j  on r equ i r ed  t o  
n a i n t z i n  z e r o  s i d e s l l p .  The padeer d e f l e c t i o n s  were 
calculated.  from the  formula 

where the  numerator i s  t he  ;y&wirq; monent due t o  
asymlzetric wwer und t h e  Zenoninator i s  t h e  yawing 
mment per degree o f  rncid.er d e f l e c t i o n .  The p r o -  
p e l l e r  e f f i c i e n c y  
urc  3-15> refc.rrwce 15, f o r  tkc w r i o u s  p r o p c l l e r  
act v 
be 0.3s. 

the wings l e v e l  i n  which t h e r e  vias a sniall anount 
of s i 8 . e e l i p .  The accuracy of the  ca l cu la t ed  d a t a  
In  f i g u r e  16 i s  i nd ica t ed  b y  the  c lose  Lgreenent 
between rudder d e f l e c t i o n s  used i n  f l i g h t  and ca l -  
culated values o f  rudder d e f l e c t i o n s  required t o  
t r in  at t he  angles o f  s i d e s l i p  h e l d  i n  f l i g h t .  

r) ., was cieterrniried from f l G -  

ce - d.1 zme t e 1- r ir t i :2 s and qt v:as assumed t o  

F l i g h t  da ta  were a v a i l a b l e  f r o m  runs made with 

2. S i d e s l i p  w i th  rudder  f ixed  

Figure 17 shows the  v a r i a t i o n  wi th  speed or“ t h e  
s i d e s l i p  angle r equ i r ed  during s ingle-engine opera- 
t i o n  with the  rudder f ixed  ir, n e u t r a l .  T h i s  curve 
was obtained b y  f i r s t  g e t e m i n i n 5  the  yawing-moment 
coe f f i c i en t  Cn r equ i r ed  t o  balhnce the yswicg 
moment due t o  a s p n e t r i c  t h r u s t  by t h e  fomnula 

ar,d then f r o m  f i g u r e  14 determining the  s i d e s l i p  
angle b t  which t h e  r equ i r ed  value o f  C, i s  reached. 

F l i g h t  da ta  were a v a i l a b l e  f rorn  runs mhee wi th  
the rudder f r e e .  The v a r i a t i o n  o f  angle o f  s i d e s l i p  



with ind ica t ed  a i r speed  was ca l cu la t ed  using rudder  
t r a i l i n g  angles  f r o 3  t h e  flight a a t a .  Figure 17 
sh3ws very cloae agreement between a c t u a l  and c a l -  
c u l a t e a  s i d e s l i p  a n g l e s  wbth a given rudder t r a i l i n g  
angle 

3 o  Rudder d e f l e c t i o n  for t r i m  as a f u n c t i o n  
of  s i d e s l i p  angle  

Figure 19 chows the  rueder  c ' e f lec t ion  r equ i r ed  
f o r  t r i m  during single-engine ope ra t ion  a s  a f u n c t i o n  
o f  s i d e s l i p  angle at indi-cated airs3eedsof  120 
and 140 miles  ye r  n3ur. These r.urvc3s were ca l cu la t ed  
from the  f o r n u l a  

where the  numerator I s  t h e  d i f f e r e n c e  between the  
;Tawing mment due t o  asymrnetrfc power and the  a i r -  
plane r e s t o r i n g  moment and the  denominator i s  t h e  

value of  C,, i n  t h e  sbove forniula was o b t a h e d  
frorn f i g u r e  14 f o r  t he  s i d e s l i p  angles  a t  which t h e  
rudder d e f l e c t i o n  f o r  t r i m  v:as t o  be determined. 

yzwing moment per dedree of rudder d e f l e c t i o n .  The .. 

111. Lateral C o n t m l  C h a r a c t e r t s t i c s  

The ai-ieron effect iveneFs 7b/2V was est imated 
by t h e  methoc? given i n  re ference  16 using the  formula: 

ane Czp were obtained from reference  16 and a 

value of 
sen ted  i n  re ference  17 for an a i r p l a n e  having 19-percent- 
chord ciJs?ed a i l e r o n s  with 0.48 t o  1 bulancing t a b s .  

% - 
K 

1; = 0.4 was est imated from f l i g h t  da t a  pre-  
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For a t o t a l  a i l e r Q n  d e f l s c t i o n  of 34' with 0 .36  t o  1 
b a l a n c h g  t a b s ,  t he  a i l e r o n  e f f e c t i v e n e s s  pb/2V was 
calcul .a ted t o  be  0 .378 .  The chdnge i n  a i l e r o n  effec-  
t ivsr iess  caused by varying the  ba lanc ing  tab r a t i o  can 
be estPmated by consider ing the  t a b s  t o  be small a i l e r o n s  
and applying t h e  above method, The value of  :K used 
for the  baiancing t abs  w~u1-d. be approximately 0.15. The 
calcu.lated v a l ~ e  o f  a i l e r o n  eff cc t iveness  was considerably 

hi$ieri tnan  the  value of -- pb - - 0.263 obta ined  i n  f l i g h t  zv 
w i t h  the  same a i l e r o n  d e f l e c t i o n .  I n  makj.ng these  calcu- 
l a t i o n s  no account was taken or' wing twist which woald 
tend t o  reduce a i l e r o n  e f f k c t i v m e s s  

1. I t  was p o s s i b l e  t o  p r e d i c t  wltkiin 1 percent  mean 
aerodynamic chord the  s t l c k - f l x e d  n e u t r a l  po in t  f o r  t h e  
engines-;-Cling condLtion w l t n  flaps up 01' down except i n  
t h e  f laps-eovm condi t ion a t  low speecis CI, > 1 . 2  where 
t h e  r h t i r l )  of dynamic pressure  a t  t h e  t a i l  t c  f ree-s t ream 
dynarr-ic pressure  and t h e  downwhsh a t  t h e  t a i l  were no t  
r e a d i l y  en t ina ted . .  

2 .  It  was  p o s s i b l e  t o  o r e d i c t  w i th in  0.5"  t he  e l e -  
v a t s r  d e f l e c t l o n s  r equ i r ed  f o r  t r i m  i n  t h e  g l i d i n g  con- 
d i t i o n  ug t o  a l i f t  c o e f f i c i e n t  o f  approxin;ately 1 . 2  
wnere m o t  s t a l l  o f  t he  v5ng occurred.  

method t h e  e l eva to r  eef'lections requi red  f o r  t r l m  i n  the  
englncs- id l ing ,  f laDs-c?awn cgndi t ion  t ,o x i t h i n  lo up t o  
a l i f t  c o e f f i c t e n t  of 1.3. 

3.  T t  was Tossible  to p r e d i c t  by an kpproxirsate 

4. Calculat ions showed t h a t  no t a i l  s t a l l  should 
occiir with f l a p s  dosin, power J f f 9  and no t a i l  s t a l l  
occurred i n  f l i g h t  

5 The pre6.i c ted  and a c t u a l  e l s v a t o r  de f l ec t ions  
requi red  for l a n ? i n s  w e r r :  i n  very good agrement. 
However, i t  w a u l C  be expected That t h e  ca l cu la t ed  
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e leva to r  def l e c t i  ons would be lqnwer than  the  f l i g h t  
values  besause of t h e  r o Q t  stall v!hich occurred i n  
f l i g h t  

6. Tile  p red ic ted  Kinhiun speeds f o r  r a i s i n g  t h e  
nose wheel were ab3ut 10 w i l e s  Der hour higher  than the  
measured speeds.  

7 .  The predic ted  s t i ck - f ixed  maneuver poin t  f o r  . -& 

constant-speed t u r n s  a t  a n  in2’cated a.irspeed o f  235 mi les  
p e r  hour w i t h  engines idling was a b m t  2 percent  a f t  o f  
t he  maneuver poin t  for poxel- on f l i g h t  . Some of  the  
discrepancy can be charged t o  the  d e s t a b i l i z i n g  e f f e c t  
of power. The p red ic t ed  e leva tor  d e f l e c t i o n s  for t r i m  
a t  var ious lift c o e f f i c i e n t s  i n  a cms tan t - speed  t u r n  
w i t h  engines i d l i n g  were abou-t l.5° more t h m  def lec tSons  
requi red  i n  f l i g h t  f o r  Dower-on t u r n s  a t  t he  same speed. 

f l aps -up  condi t ion the  rudder d e f l e c t i o n  requi red  f o r  
t r i m  a t  a given angle of s i d e s l i p  wi th in  lo foi? angles  
cf s i d e s l i p  up t o  13” above which t h e  e r r o r  increased  
probaklly due t o  underestimation o f  t he  s t a b i l i z i n g  e f f e c t  
of t h e  dorsal f i n .  The ca l cu la t ions  were s impl i f i ed  i n  
t h e  case of t he  A-26  because the  v e r t i c a l  t a i l  vias out  
o f  t h e  s l i p s t r eam and was r e l a t i v e l y  far removed from 
t h e  in f luence  of t h e  n-ings and f u s e l a g e .  Therefore,  i t  
was j u s t i f l a b l e  t o  neglec t  the e f r e c t s  of si6ewash. 

8* It was possib1.e t o  predic.t €‘or tne  engines- id l ing ,  

9 .  It  was poss-tble t 3  pred ic t  w i th in  2’ the  rudder 
d e f l e c t i o n  r equ i r ed  for t r i m  a t  any speed at, 0’) s i d e s l i p  
w i t h  one engine Cel iver ing  full power and t h e  o ther  
engine i d l i n g  i n  the  f laps-up  condi t ion .  

10. I t  was noss lb le  t o  p r e d i c t  w i th in  l.53 the  angle  
o f  s i G e s l i p  requi red  for t r i . m  a t  any speed wi th  the rudder 
f i x e d  i n  the  flaps-iiu cond l t io i i  wi th  one encine d e l i v e r i n g  
f u l l  power and t h e  o tker  engine i e l i n g -  

11, The preGicted a i l e r o n  e f f ec t iveness  pb/2V was 
approximately 20 percent  high. b!fng t w i s t  which was not  
consiclered would tend t o  account f o r  t h i s  discrepancy. 

12 .  The r e s u l t s  presented i n  t h i s  r e p o r t  i n d i c a t e  
t h a t  many of t ne  cont ra l - f ixed ,  ?ower-off s t a b i l i t y  and 
con t ro l  c h a r a c t e r i s t i c s  of a c m v e n t i m a l  a i rp l ane  can 
be predic ted  fram the  c?imensions o f  t h e  a i r p l a n e  and 
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f r o m  general  winc?-tlmnel data now a v a i l a b l e  with suffi- 
c ien t  accuracy f o r  desig;l y ry?oaes  e 

Langley L'Ienorial Aeronaut1 c a l  Labora tory  
K a t i q i i a l  Advlsory Coimittee f o r  Aeronsutics 

Langley Field, V a .  
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Figure 1. - Three-vier drawing of the Douglas A - 2 6 ~  airplane. 
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Figure 2. - Calcu la t ed  var ' i a t ion  of dC,/dCL w i t h  
cen te r -o f -g rav i ty  p o s i t i o n  in t h e  enginea-  
i d l i n g ,  f l a p s - u p  c o n d i t i o n ,  Douglas A-263 
ai r p l a n e  . 
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Figure 3. - Varia t ion  of e leva to r  angle  w i t h  l i f t  coef- 
f i c i e n t  fo r  two center-of-gravi ty  pos i t i ons  
i n  t h e  engines-id1 ing, f laps-up  condi t ion ,  
Douglas ~ - 2 6 B  a i rp l ane .  
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Figure 6.  - Varigtion of elevator angle w i t h  l i f t  coeff ic ient  
f o r  two center-of-gravity poeitions in the engines- 
Idling, flape-dorm oondit ion, Douglas A-26B airplane. 
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Figure  7. - Var ia t ion  of e l eva to r  d e f l e c t i o n  w i t h  a i repeed w i t h  
t h e  cen te r  of grav i ty  a t  21 percent  Y.A.C. i n  t h e  
engines -id1 ing, f 1 aps-d own c ond 1 t i  on, Doug1 as 
A-26B a i rp l ane .  
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Figure 8 .  - Variation of elevator def lect ion with airspeed with 
the center of gravity at  30 peroent Y.A.C. i n  the 
engines-idling, flaps-down, Douglas A-26B airplane. 
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Figure 10. - Minimum speed t o  raise t h e  nose wheel as a fm.ction 
of center-of -gravity position with take-off power 
and flaps down, Douglas A-26B airplane. 



MF? No. L5DOG 

Figure  11. - Var ia t ion  of e l eva to r  angle  for t r i m  w i t h  l i f t  coef-  
f i c i e n t  i n  t u r n s  at  235 miles p e r  hour a t  sea l e v e l  
and 10,000 f e e t  w i t h  t h e  cen te r  of g fav i ty  at  23 
percent  M.A.C. ,  engines- id l ing ,  flaps up, Douglas 
~-26B a i rp lane .  

c 
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F igure  12. - Var ia t ion  of e levator  angle  f o r  t r i m  wi th  l i f t  coef- 
f i c i e n t  i n  turns a t  235 miles per hour at sea l e v e l  
and 10,000 f e e t  with t h e  c e n t e r  of g r a v i t y  at 32 
percent M . A . C .  , engines i d l i n g ,  f l a p s  up, Douglas 
A-26B ai rpl ane . 
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Figure 14. - Variat ion of yawing moment c o e f f i c i e n t  with angle  of 
yaw, engines id l ing  and f l a p s  up, Douglas A-26B air- 
plane. 
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Figure 15. - Varia t ion  of rudder.angle w i t h  s i d e s l i p  angle in t h e  
engines- idl ing,  f laps-up c a d i t  ion, Douglas A-26B 
airplane.  
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F i g u r e  16. - V a r i a t i o n  of r u d d e r  a n g l e  r e q u i r e d  for t r i m  w i t h  air- 
speed w i t h  t h e  l e f t  e n g i n e  i d l i n g  and r i g h t  e n g i n e  
d e l i v e r i n g  rated power w i t h  t h e  f l a p s  up, Douglas  
~ - 2 6 B  a i r p l a n e .  
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F i g u r e  17. - V a r i a t i o n  w i t h  t h e  r u d d e r  f i x e d  and  w i t h  t h e  
rudde r  f r e e  of t h e  s i d e s l i p  a n g l e  f o r  trim 
w i t h  a i r s p e e d ,  l e f t  e n g i n e  i d l i n g ,  r i g h t  
e n g i n e  d e l i v e r i n g  r a t e d  power,  f l a p s  up,  
Douglas  A-26B a i r p l a n e .  
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. w i t h  s i d e s l i p  angle a t  120 and 140 miles 
p e r  hour w i t h  left engine i d l i n g ,  r ight 
e n g i n e s . a t  normal r a t e d  power, f l a p s  up, 
Douglas ~-26B airplane.  


